To assess smoking, obesity, and other risk factors for asthma, the authors examined 17,605 subjects aged 12 years or more who participated in the National Population Health Survey in 1994-1995. Asthma was considered present if an affirmative response was given to the question, "Do you have asthma diagnosed by a health professional?" The authors used analytic weights incorporating a design effect to take the complex survey design into account. The prevalence of asthma was 10.4% for males and 11.2% for females aged 12-24 years. Among the subjects aged 25 years or more, the prevalence varied from 4.1% to 5.8% for men and from 4.9% to 6.4% for women. Female smokers demonstrated a 1.7-fold increase in the prevalence of asthma compared with female nonsmokers, with the smoking effect more pronounced among female children and young adults. In contrast, there was no significant relation between smoking and asthma in males. The prevalence of asthma increased with increasing body mass index in females, but not in males. Immigrant status, history of allergy, and household income were significant predictors for both genders. Low household income was associated with a higher prevalence of asthma in men and women. Am J Epidemiol 1999;150:255-62.
you have asthma diagnosed by a health professional?" Current smokers were respondents who reported smoking cigarettes every day at the time of the survey. Ex-smokers were those who reported smoking cigarettes daily in the past, but who were not smoking at the time of the study. Otherwise, subjects were classified as nonsmokers. A positive history of allergy was indicated if an affirmative response was given to either of the questions, "Do you have any food allergies diagnosed by a health professional?" or "Do you have other allergies as diagnosed by a health professional?" Body mass index was calculated from the equation: body mass index = weight(kg)/height(m) 2 , with classifications of less than 20.0, 20.0-24.9, 25.0-27.9, and 28.0 or more. Income adequacy was represented as total household income adjusted for the number of household members (table 1). The subjects were classified into low-, middle-, and high-income groups.
Other variables included in the analysis were age (12-24, 25-39, 40-54, 55-69, or £70 years), immigrant status (yes, no), size of household (one, two, three, or four or more people), number of bedrooms (<3, £3), any pets at home (yes, no), years of education (<6, >6), regular drinking (yes, no), and regular exercise (yes, no).
Statistical analysis
The risk factors for asthma were examined among men and women separately. Prevalence estimates and 95 percent confidence intervals for each variable were calculated. Weighted logistic regression models were constructed to evaluate the importance of individual risk factors and their interactions after adjustment for relevant covariates. Model parameters were estimated by the method of maximum likelihood, and the Wald statistic was used to test the significance of individual variables or interaction terms in relation to asthma. The NPHS 1994-1995 data were based on a complex survey design incorporating stratification, multiple stages of selection, and unequal probabilities of selection for respondents. Therefore, standard statistical methods may not be appropriate for the analysis of these data. The NPHS microdata documentation provides guidelines stating that population sample weights (expansion weights) must be used to produce correct population estimates (11) . This weighting takes into account the patterns of missing data and the oversampling of some strata. The NPHS 1994-1995 public release data file provides these population weights.
The release guidelines give specific criteria designed to ensure that all estimates based on the data are reasonably accurate and stable (based on adequate numbers of respondents). In particular, estimates based on fewer than 30 respondents are not publicly releasable, nor are estimates having a relative standard error of 33.4 percent or more. Consequently, each analysis presented here is based on at least 30 respondents.
Survey design details including the strata and the primary sampling units are generally needed to estimate exact sample variances and to test for statistical significance. The effect of the complex survey design on variance estimates is summarized as a design effect. This design effect is the ratio of an estimated variance based on the survey to a comparable estimate of variance from a simple random sample of the population (11) .
While it is possible to compute exact design effects through resampling procedures (e.g., with the computer program SUDAAN (12)), this method requires detailed information on the survey design that is not available in the public use data files of the NPHS 1994-1995. We therefore used an approximate method for incorporating the design effect (V. Goel, Analysis of complex surveys. Institute for Clinical Evaluation Sciences, unpublished manuscript). First, the population weights were divided by the average weights for responses from all the subjects. The sum of these relative weights is the effective sample size. Next, we divided the relative weights by the square root of an average design effect based on the average sampling variability for the survey variables. This design effect is an appropriate mean of the coefficients of variation for study variables and will tend to lead to conservative significance tests (13) because the variances obtained are less likely to underestimate the true variances. Because this analytic weight incorporates the population weight from the survey, missing responses and population stratification are also taken into account.
In the calculation of prevalence (P) of asthma, the variance estimate [P(l -P)/N] has the same form as the simple random sampling estimator of the variance. However, the adjusted sample weights were incorporated via the weighted estimate of the prevalence, where N denotes the sample size. The adjusted variances were used to calculate 95 percent confidence intervals for the prevalence of asthma. The computer program SAS 6.12 for Unix (14) was used for both univariate and multivariate analyses. Table 2 presents the risk factors related to the prevalence of asthma in males and females after adjustment for the complex survey design. The prevalence of asthma was 10.4 percent for male children and young adults aged 12-24 years and 11.2 percent for their female counterparts. The prevalence was lower for subjects aged 25 years or more, with little variation for both genders. Immigrants were less likely to be asthmatic than were nonimmigrants.
RESULTS
Subjects from households classified as lower income were more likely to have asthma than were those from households with higher income. Being overweight was positively associated with asthma for females, but not for males. Female smokers had a higher prevalence of asthma than did female nonsmokers. The prevalence of asthma was slightly lower for male smokers than for male nonsmokers, although this difference did not reach statistical significance.
A history of allergy was found to be a strong predictor of asthma. There was no discernible association of prevalence of asthma with size of household, number of bedrooms, presence of pets, educational level, alcohol use, or regular exercise.
Multiple logistic regression models produced odds ratio estimates for asthma related to risk factors after adjustment for covariates. Variables included in the final models for both males and females were age, immigrant status, history of allergy, income adequacy, body mass index, and smoking status. For both genders, nonimmigrants or subjects with a history of allergy or with a lower income were more likely to be asthmatic than were immigrants or subjects with no history of allergy or with a higher income (table 3) . These results are consistent with those from the univariate analysis. There was a positive association between asthma and body mass index in females, while overweight males had no increased risk of asthma compared with their normalweight counterparts. Smoking was positively related to asthma in females, with an adjusted odds ratio for asthma of 1.70 (95 percent confidence interval (CI): 1.32, 2.19) for female smokers versus nonsmokers. No significant association between smoking and asthma was found in males.
Potential modifying effects of age on the relations between body mass index, smoking, and asthma were examined by classifying the subjects into two age groups (<25 years and J>25 years). Neither body mass index nor smoking was significantly associated with asthma in either age group for males. For females, the relation between body mass index and asthma showed a similar trend in both age groups (tables 4 and 5).
Smoking seemed to be related to higher prevalence of asthma in the younger age group (adjusted odds ratio = 2.18 (table 4)) than in the older age group (adjusted odds ratio = 1.61 (table 5)). When subjects who smoking were further divided into light smokers (1-19 cigarettes per day) and heavy smokers £>20 cigarettes per day) based on current daily cigarette consumption, the data showed a clear exposure-related association between smoking and asthma in females, particularly among young subjects (figure 1).
DISCUSSION

Gender and smoking
These data indicated that cigarette smoking was significantly associated with increased prevalence of asthma in females, but not in males. In addition, the association between smoking and asthma seemed to be stronger in younger than in older female subjects. Previous studies have shown no consistent results for the interrelation among gender, smoking, and asthma. Various patterns have been found, including increased risk of asthma in female smokers but not in male smokers (4, 5) , increased risk in male smokers but not in female smokers (6) , increased risk in both male and female smokers (7) , and no relation between smoking and asthma in both genders (1) (2) (3) .
It is possible that asthmatics are more likely not to start smoking or to quit smoking if they do smoke. There is evidence that female smokers have more difficulties in quitting smoking than do their male counterparts (15). It is not clear whether this is the case for the asthmatics who smoke or whether male asthmatics are less likely to start smoking. A somewhat elevated overall odds ratio was observed in male ex-smokers (odds ratio (OR) = 1.30, 95 percent CI: 0.96,1.76), but not in female ex-smokers (OR = 1.10, 95 percent CI: 0.82, 1.47) (table 3) . This might indicate that male asthmatics are more likely to quit smoking than are their female counterparts. This idea is further supported by the elevated odds ratio (OR = 1.40, 95 percent CI: 1.00, 1.96) in male ex-smokers aged 25 years or more. The gender-related differences in the relation between smoking and asthma have some previous support. In the Lung Health Study, on the basis of data from 5,877 smokers (at least 10 cigarettes per day on a regular basis) aged 35-59 years with mild-to-moderate airflow obstruction, Tashkin et al. (16) found that there was a higher percentage of nonspecific airways hyperresponsiveness in women compared with men (85 vs. 59 per- cent). Further, twice as many women (47 percent) as men (24 percent) responded to 5 mg/ml or less of methacholine. This difference was apparent in all age groups and could not be attributed to a differing prevalence of asthma or baseline degree of airflow obstruction. Tracheal areas in females are smaller than those of the males, even after controlling for total lung capacity (17) . For given airway generation, airway caliber is smaller in women than in men of similar height and age, and a smaller airway size might increase airways responsiveness (16) . Animal studies suggest that exposure to cigarette smoke results in more goblet cells and mucus production in female rats compared with male rats (18) . The number of goblet cells after exposure to tobacco smoke also seems to fluctuate with the estrous cycle (19) . Therefore, females may be more susceptible than males to asthma in response to cigarette smoking.
Gender and obesity
The relation between obesity and asthma has not been well studied. Unger et al. (20) reported that 30 percent of obese children referred to a nutritional clinic reported asthma. Although there was no control group of nonobese children, the prevalence of asthma was higher than that reported in population studies of children. The influence of this association on gender was not tested.
Our data showed that relative body weight was linearly related to the prevalence of asthma in females and that female asthmatics were more likely to be obese. There are a number of possible mechanisms that may account for the relation between obesity and asthma.
Common risk factors. Both obesity and asthma have genetic determinants and may be thereby related. However, in this study the prevalence of allergies was not elevated in obese subjects. Dietary risk factors for obesity are well known and have been postulated for asthma, including a relative excess of sodium and omega-6 fatty acids and a relative deficiency of antioxidant vitamins (21) . A sedentary lifestyle may predispose to both obesity and increased time indoors, with the latter resulting in increased exposure to environmental tobacco smoke and pet and dust mite antigens, which are important risk factors for asthma.
Obesity causing respiratory symptoms that can mimic asthma. Obesity increases the maximum oxygen consumption for a given workload, thereby predisposing to dyspnea on exertion, which is a common symptom of asthma (22) . Very severe obesity may also reduce the functional residual capacity below the closing volumes when supine, causing hypoxemia and dyspnea. Obesity is also strongly related to sleep apnea, a not uncommon cause of nocturnal hypoxemia and dyspnea (23) . Finally, it predisposes to esophageal reflux disease, a common cause of chronic cough (24) . Obesity causing asthma. Progesterone up-regulates beta-2 receptors. The luteal phase increase in progesterone and estradiol is associated with an increased density of beta-2 adrenoreceptors on lymphocytes (25) . A total of 40 Llg of exogenously administered progesterone caused an eightfold increase in the bronchorelaxant effect of the catecholamine isoprenaline (26) . During the menstrual cycle, a time when asthma symptoms may worsen, Junniper et al. (27) found no change in nonspecific airways responsiveness. This suggests that airway inflammation is not changed but rather that adrenoreceptor regulation may be involved in asthma.
In women, obesity influences hypothalamic-pituitaryovarian function with increased androgen availability for peripheral aromatization to estrone (28) (29) (30) . Obesity may also be associated with reduced levels of progesterone (31) . Leptin, a hormone related to the obesity gene, inhibits insulin-induced progesterone production (32) . These facts lead one to speculate on a biologically plausible explanation for the association between obesity and asthma in women, but not in men: Obesity reduces the levels of progesterone, causing downregulation of adrenoreceptors, thereby aggravating asthma control. In the US Nurses' Health Study, however, Troisi et al. (33) found that the incidence of asthma was higher in postmenopausal women taking estrogens.
In a recent longitudinal analysis based the 89,061 women aged 27-44 years from the Nurses' Health Study, Camargo et al. (34) found that the incidence of asthma was increased with increasing baseline value of body Smoking, Obesity, and Asthma 261 mass index during the 1991-1995 study period, which adds weight to the hypothesis that obesity causes asthma. The Nurses' Health Study, however, only included female subjects, thereby precluding gender comparisons. Asthma causing obesity. Exercise-and coldinduced aggravation of asthma commonly occurs and may reduce the duration and intensity of physical activity, which is also a risk factor for obesity.
None of these postulated rationales for an association between asthma and obesity can easily account for the observed gender difference in the obesity-asthma relation except the theory that obesity influences female sex hormones, which, in rum, influence asthma control. Apart from the biochemical evidence, this theory is also supported by three clinical observations. First, pregnancy and menses influence asthma control, presumably through influencing sex hormones (24, 35) . Second, it is well-documented that obesity influences sex hormones. Finally, exogenous progesterone administration may play a role in asthma control in the premenstrual period (25) .
Other risk factors
Other predictors of asthma prevalence include age, history of allergy, immigrant status, and income adequacy. Consistent with previous reports, younger age and the presence of allergies increased the risk of asthma approximately twofold and fivefold, respectively (36) .
Lower income was associated with a small increased risk of asthma in people over age 25 years, but not in the children and young adults. Socioeconomically disadvantaged adults may be more likely to work under hazardous conditions. Socioeconomically disadvantaged individuals may also have a relatively poor living environment, although children and young adults from lower-income families had a similar risk of asthma compared with those from higher-income families.
Immigrants had a lower prevalence of asthma compared with native Canadians. The reason for this is not clear. Since the immigrants came from various countries and had a different ethnic background, this could be due to environmental or genetic factors or both. In addition, immigrant populations are self-selective; it is not known whether there is a selection bias toward lower asthma prevalence.
Methodological strengths and weaknesses
Questionnaire surveys have provided insight into the epidemiology of respiratory diseases for several decades. The NPHS 1994-1995 is a recent national survey of population health in Canada. The sample size is large and provides measures of association with high precision.
However, the validity of self-reported information is of major concern in questionnaire studies, and the possibility of inaccuracy and bias must be considered. In this study, we were particularly concerned about the possibility of systematic reporting biases that might result in positive associations among smoking, obesity, and asthma in women but not in men, since random error in the reporting of smoking, body weight, and asthma would be expected to bias the observed odds ratios toward the null for both genders.
Comparisons of asthma, emphysema, and chronic bronchitis diagnoses in the United States have suggested that physicians are more likely to label male patients as emphysematous and female patients as asthmatic or bronchitic (37) . However, such a diagnostic bias should not artifactually create associations among smoking, obesity, and asthma in females.
Overreporting of smoking, body weight, and asthma in a systematic way could create artifactual relations between smoking and asthma and between obesity and asthma. However, one would have to postulate that these were gender specific (occurring only in female subjects) since males who smoked and those who were obese did not have an increased prevalence of asthma. There is no evidence in the literature to date to suggest that this type of bias exists. It may not be reasonable to postulate that female asthmatics overreported tobacco consumption and body weight, but not a history of allergy, which showed a similar effect on asthma in males and females. Similarly, it may not be reasonable to conjecture that females who smoked and those who were obese overreported a history of asthma, while those with history of allergy did not.
Because an appreciable number of subjects, mainly those aged less than 20 years and those aged 65 years or more, had missing body weight values, we created a separate category for those subjects who did not provide information on weight and/or height. On an average, this group of subjects had an elevated prevalence of asthma for both males and females. Similar genderrelated differences in the association between relative body weight and asthma were observed, regardless of whether this group of subjects was included in or excluded from the analysis.
Because of the nature of cross-sectional data, causality cannot be assumed. The interrelation among smoking, body weight, and age complicates their potential effects on asthma. The associations between smoking and obesity, smoking and asthma, and obesity and asthma are all bidirectional. There is strong evidence of elevated prevalence of smoking among obese female adolescents and of a body weight reduction in adults as a consequence of smoking. Smoking has a detrimental effect on asthma, and asthmatics are less likely to start smoking or more likely to quit smoking. Obesity may increase the risk of asthma, while asthma may result in obesity due to a sedentary lifestyle, or asthmatics may lose weight due to illness. Besides the biological reasons, therefore, the complexity of the interrelation may also explain part of the gender-related associations among smoking, obesity, and asthma and some of the inconsistent results.
The association between obesity and asthma in females requires further study with objective measures of asthma, obesity, and hormonal profiles to clarify the interrelations among those variables as the possibility of a causal relation between obesity and asthma.
